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TITLE OF THE INVENTION 
METHOD FOR MANUFACTURING METAL-COATED OPTICAL FIBER 



5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a method for 
manufacturing an optical fiber that is optically 
connected with an optical element used in optical 

10 communication, optical measurement and so forth which 

is held in a housing of an optical communication module. 
More particularly, this invention relates to an optical 
fiber manufacturing method which can simply manufacture 
an optical fiber in which a bare-fiber peripheral 

15 surface exposed by removing a resin cover has been 
coated with a metal and a bare-fiber end has been 
end-face-treated . 

2. Description of the Related Art 

Optical communication modules in which optical 
20 elements are held in housings have a hermetically 
sealed structure for making the interior of each 
housing shut off from the outside, in order to prevent 
the optical elements from being broken because of 
moisture condensation or the like. 
25 On this hermetically sealed structure, many 

methods have ever been proposed and put into practical 
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use. For example, a method is employed in which, as 
shown in Fig- 2, when a metallic sleeve 1 is used to 
insert therethrough an optical fiber 10 with resin 
covering to the interior of a housing 20 of an optical 
5 communication module, a resin cover 11 is removed at 
the part corresponding to a through-hole of the 
metallic sleeve 1 to make a bare fiber 12 of the 
optical fiber 10 exposed, where the surface of the bare 
fiber 12 thus exposed is coated with a metal, the bare 
10 fiber 12 is sealed with a solder 2 at the part coated 
with a metal, and the metallic sleeve 1 is further 
attached to the housing 20 of the optical communication 
module with a solder 3 or by seam welding. A method is 
also employed in which, without use of the metallic 
15 sleeve 1, the bare fiber 12 at its part coated with a 
metal is inserted to the through-hole provided in the 
housing 20 of the optical communication module, and the 
bare fiber 12 is directly attached to the housing 20 
with a solder to seal up the latter. 
20 Also employed as a method for achieving optical 

joining between an optical element (not shown) held in 
the housing 20 and the optical fiber 10, a method is 
employed in which an end face of the bare fiber 12 
exposed by removing the resin cover 11 of the optical 
25 fiber 10 is subjected to polishing. 

Incidentally, as to a method for fastening the 



optical fiber 10 to the interior of the housing 20 of 
the optical communication module, a method is. employed 
in which an end face of the bare fiber 12 exposed by 
removing the resin cover 11 is polished and this bare 
fiber 12 is passed through a capillary 4 made of a 
synthetic quartz glass or a metal, and fastened with an 
adhesive or by soldering, which is also optically 
adjusted to the optical element, and thereafter the 
capillary 4 is fastened to the interior of the housing 
20 of the optical communication module. A method is 
also employed in which the bare fiber 12 is fastened to 
the capillary 4 and an end face of the bare fiber 12 is 
polished, which is also optically adjusted to the 
optical element, and thereafter the capillary 4 is 
fastened to the interior of the housing 20 of the 
optical communication module . 

In the optical fiber in such a module hermetically 
sealed with a solder in this way, the bare fiber 12 
exposed by removing the resin cover 11 has been coated 
with a metal on its peripheral surface as described 
above and also the end face of the bare fiber 12 has 
precisely been polished (end-face-treated) in order to 
secure optical connection to the optical element. 

Now, where the peripheral surface of the bare 
fiber 12 is provided with no resin cover, the end face 
treatment for the bare fiber 12 can be carried out with 
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ease by means of an existent optical-fiber cleaver 
which applies cleavage cutting- Accordingly, as to the 
end face treatment for the bare fiber 12, manufacturing 
operation can be made simple if the treatment making 
5 use of the optical-fiber cleaver can be employed 
without employing the above polishing. 

However, in the above optical fiber whose bare 
fiber 12 surface has been metal-coated for the purpose 
of hermetic sealing, an electroless Ni coating layer 
10 and an electrolytic Au coating layer for example are 
formed as a subbing layer and a surface layer, 
respectively, of the metallic coating, having a layer 
thickness of about 1 |jm to 3 |Jm as a whole. Hence, 
where the end face treatment is carried out using the 
15 optical-fiber cleaver, it is difficult to make a notch 
cut (strike mark or blade mark) necessary for cleavage, 
because the bare fiber of the optical fiber stands 
protected with the metallic coating, so that its 
rupture cross-section can not be treated to have a end 
20 face shape suited for the light input. There has been 

such a problem. Even if a end face shape suited for the 
light input has been obtained, there has also been a 
problem that the metallic foil (coating fin) that forms 
at the rupture cross-section of the metallic coating 
25 covers the light-incident end face of the optical fiber 
unwantedly, or that, because of such a rupture 
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cross-section, the metallic coating formed on the bare 
fiber may come with time to tend to come off.. 

To solve such problems , as disclosed in Japanese 
Patent Application Laid-open No. H07-27 952, a method is 
5 proposed in which, when an optical-fiber bare fiber is 
treated to provide a metallic coating, a mask material 
is beforehand used at the part to be cut with an 
optical-fiber cleaver, or a method in which, after the 
optical-fiber bare fiber has been treated to provide a 
10 metallic coating, the metallic coating is etched away 

at the part to be cut. Both the methods, however, have 
had a difficulty that they make manufacturing steps 
complicate . 

15 SUMMARY OF THE INVENTION 

The present invention has been made taking note of 
such problems. Accordingly, an object of the present 
invention is to provide an optical-fiber manufacturing 
method which can manufacture optical fibers more simply 

20 than any conventional methods in respect of an optical 
fiber a bare fiber of which is provided on its 
peripheral surface with a metallic coating which 
enables hermetic sealing with solder, and has a 
bare-fiber end face shape which is necessary for 

25 optical connection with an optical element. 

That is, the present invention provides a method 
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for manufacturing an optical fiber having a bare fiber 
and a resin cover with which the peripheral surface of 
the bare fiber is covered except for part of the 
fiber-end side of the bare fiber; the bare fiber being 
5 exposed by removing the resin cover at the part of the 
fiber-end side thereof and being provided with a 
metallic coating on its peripheral surface excluding an 
end face portion of the bare fiber; the method 
comprising: 

10 a subbing-layer formation step of forming, on the 

peripheral surface of the bare fiber having been 
exposed by removing the resin cover and on which the 
metallic coating has not been provided, a metallic 
subbing layer consisting of an electroless plating 

15 layer with a thickness necessary for electrolytic 
plating and an electrolytic plating layer; 

an end face treatment step of subjecting the bare 
fiber on which the subbing layer has been formed, to 
end face treatment by means of an optical-fiber cleaver 

20 to expose an end face portion of the bare fiber; and 

a surface layer formation step of subjecting the 
bare fiber on which the end face treatment has been 
carried out, to electrolytic plating to form the 
metallic coating as a surface layer. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figs. 1(A) to 1(C) illustrate optical-fiber 
manufacturing steps according to the present invention. 

Fig. 2 illustrates a hermetically sealed structure 
of an optical communication module. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention is described below in detail. 
The optical-fiber manufacturing method according 
to the present invention is first characterized by 
forming, on the peripheral surface of a bare fiber 
having been exposed by removing a resin cover and on 
which a metallic coating has not been provided, a 
metallic subbing layer consisting of an electroless 
plating layer with a thickness necessary for 
electrolytic plating and an electrolytic plating layer; 
thereafter subjecting the resultant bare fiber to end 
face treatment making use of a optical-fiber cleaver; 
and then subjecting the resultant bare fiber to 
electrolytic plating to form a metallic coating as a 
surface layer. 

In this manufacturing method, the metallic coating 
as a subbing layer can be formed in a layer thickness 
set small, because the metallic coating as a surface 
layer is formed after the end face treatment making use 
of an optical-fiber cleaver. Hence, even though the 
subbing layer metallic coating is present on the 
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bare-fiber peripheral surface, the bare fiber can well 
be ruptured by means of the optical-fiber cleaver and 
also the metallic foil by no means forms on the rupture 
cross-section . 
5 In addition, since the metallic coating as a 

surface layer is formed by electrolytic plating after 
the end face treatment, the metallic coating is by no 
means formed on the bare-fiber end face (i.e., 
light-incident face) where no subbing layer is present. 
10 Thus, an optical fiber can be manufactured with 

ease in which the bare-fiber peripheral surface exposed 
by removing the resin cover has been coated with a 
metal and the fiber end has been end- face-treated. 
Here, the subbing layer consisting of an 
15 electroless plating layer with a thickness necessary 
for electrolytic plating and an electrolytic plating 
layer may have any desired layer constitution. It may 
preferably be constituted of a combination of an 
electroless Ni (nickel) plating layer and an 
20 electrolytic Au (gold) plating layer. This is because 
the electroless Ni plating layer has properties that it 
has good adhesion to quartz constituting the bare fiber, 
and also has so high hardness as to be advantageous for 
the cutting of the bare fiber by cleavage cutting, and 
25 also because the electrolytic Au plating layer has 
properties that it prevents oxidation of the 
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electroless Ni plating layer and has good adherence to 
the electrolytic plating layer (surface layer) after 
the cleavage cutting . 

In the case when the subbing layer is constituted 
5 of the electroless Ni plating layer and the 

electrolytic Au plating layer, the electroless Ni 
plating layer may have a thickness set within the range 
of from 0.01 |jm to 1.5 |im. This is because, if it has a 
thickness of less than 0.01 pm, the layer may be so 
10 thin as to bring about a difficulty in the subsequent 
electrolytic plating, and, if on the other hand it has 
a thickness of more than 1.5 urn, a bare-fiber end face 
which is especially good for the light incidence may be 
obtained with difficulty when the end face treatment is 
15 carried out using the optical-fiber cleaver. The 

electrolytic Au plating layer may also have a thickness 
set within the range of from 0.03 pm to 0.1 (Jm. This is 
because, if it has a thickness of less than 0.03 pm, it 
may be difficult for the layer to cover the electroless 
2 0 Ni plating layer completely, and, if on the other hand 
it has a thickness of more than 0.1 pm, a good 
bare-fiber end face may be obtained with difficulty 
when the end face treatment is carried out using the 
optical-fiber cleaver. 
25 Then, as the surface layer electrolytic plating 

layer, it may appropriately be selected taking account 
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of its wettability to solder, and may preferably be 
constituted of an electrolytic Ni plating layer and an 
electrolytic Au plating layer. In the case when the 
surface layer electrolytic plating layer is constituted 
of the electrolytic Ni plating layer and the 
electrolytic Au plating layer, if, e.g., Au/20Sn 
soldering is carried out, a phenomenon called "solder 
erosion" may occur in which Au and Ni dissolve in 
molten solder. If such a "solder erosion" phenomenon 
occurs to make the quartz exposed to the bare-fiber 
surface, a poor solder wettability may result. 
Accordingly, the electrolytic Ni plating layer 
constituting the surface layer may have a thickness of 
0.5 urn or more. It, however, may desirably have a 
thickness of 4.0 |Lim or less because, if it has a 
thickness of more than 4.0 pm, such a layer may cause a 
non-reversibility that the state of being bent is 
maintained when the optical fiber is bent. The surface 
layer electrolytic Au plating layer also has the 
function to prevent oxidation of the electrolytic Ni 
plating layer positioned beneath it and improve its 
solder wettability. Then, since the oxidation of the 
electrolytic Ni plating layer makes the layer have a 
poor solder wettability, the electrolytic Au plating 
layer may preferably have a thickness of 0.05 or 
more. The electrolytic Au plating layer also has so 



high rate of dissolution in solder that it improves 
solder wettability vastly. However, even if an 
electrolytic Au plating layer having a thickness of 
more than 1 . 0 pm is provided, the effect of preventing 
oxidation and improving solder wettability is not so 
enhanced. Accordingly, from an economical viewpoint, 
the electrolytic Au plating layer may preferably have a 

thickness of 1.0 pm or less. 

In the case when the surface layer electrolytic 
plating layer is constituted of the electrolytic Ni 
plating layer and the electrolytic Au plating layer, it 
is preferable for them to be Ni and Au plating layers 
having a purity of 99.9% or more. 

The present invention is described below in 
greater detail by giving Examples. 

Examples 1 to 7 & 

Comparative Examples 1, 2 

As shown in Fig. 1(A), a resin cover (constituted 
of a primary resin cover 13 and a secondary resin cover 
14) of an optical fiber 10 was peeled and removed to 
lay bare a bare fiber 12 of 125 \m in line diameter and 
30 mm in length. Thereafter, the surface of this bare 
fiber 12 was subjected to pretreatment such as alkali 
cleaning, acid cleaning and chemical polishing. 

Next, this bare fiber 12 was immersed in a 
solution containing a Sn (tin) salt, a coupling agent 
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and so forth to condition its surface. Thereafter , this 
bare fiber 12 was made catalytic with a Pd (palladium) 
salt solution, and then subjected to electroless Ni 
plating using a reduction type electroless plating bath 
5 to form an electroless Ni plating layer 15 of a subbing 
layer 50. Thereafter, its surface was electrolytically 
plated with high-purity Au using a commercially 
available pure-Au plating solution to form an 
electrolytic Au plating layer 16 of the subbing layer 
10 50. 

Following the above procedure, electroless Ni 
plating layers 15 and electrolytic Au plating layers 16 
were formed as subbing layers 50 in optical fibers of 
Examples 1 to 7 . Their layer thicknesses are shown in 

15 Table 1 below. 

As comparative examples, prepared were an optical 
fiber of Comparative Example 1 in which an electroless 
Ni plating layer, an electrolytic Ni plating layer and 
an electrolytic Au plating layer of 0.05 |um, 2 . 0 jam and 

20 0.2 |im, respectively, in layer thickness which were 

feasible for hermetic sealing with solder were provided 
in this order on the bare-fiber peripheral surface, and 
an optical fiber of Comparative Example 2 in which only 
an electroless Ni plating layer of 0.5 in layer 

25 thickness was provided as a subbing layer on the 
bare-fiber peripheral surface. 
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Next, the instrument setting of a commercially 
available optical-fiber cleaver (Oxford Fiber Ltd., 
AFC-2008) was made in optimum conditions in respect of 
the layer thickness in each of Examples 1 to 7 and 
5 Comparative Examples 1 and 2. Thereafter, end face 
treatment was carried out as shown in Fig. 1(B) to 
expose an end face portion of each bare fiber. The end 
faces of the bare fibers in Examples 1 to 7 and 
Comparative Examples 1 and 2, having been thus 
10 subjected to end face treatment, were each observed on 
a scanning electron microscope (SEM) . As the result, 
end faces satisfactory as light-incident faces were 
found to have been obtained except Comparative Example 
1. The end face in Comparative Example 1 had a rough 
15 rupture cross-section, and the metallic foil that 

formed at the rupture cross-section of the metallic 
coating was seen to be present in the vicinity of the 
end face. Also, light was transmitted through the 
optical fibers of Examples 1 to 7 and Comparative 
20 Examples 1 and 2, having been thus subjected to end 
face treatment, to evaluate their optical 
characteristics to find that, in the case of 
Comparative Example 1, the modal shape of light beams 
stood disordered. Results of these are also shown in 
25 Table 1 below. 

Next, the surface of the subbing layer of each 



-14- 



optical fiber of Examples 1 to 7 and Comparative 
Example 2, except Comparative Example 1, was 
electrolytically plated with high-purity Ni using a 
sulf amic-acid Ni plating solution to form an 
5 electrolytic Ni plating layer 17 of a surface layer 60 
as shown in Fig. 1(C). Its surface was further 
electrolytically plated with high-purity Au using a 
commercially available pure-Au plating solution to form 
an electrolytic Au plating layer 18 of the surface 
10 layer 60. 

Thus, optical fibers of Examples 1 to 7 and 
Comparative Example 2 each provided with an 
electrolytic Ni plating layer 17 of 2.0 |im in layer 
thickness and an electrolytic Au plating layer 18 of 
15 0.2 pm in layer thickness which constituted the surface 
layer 60 were manufactured by the method described 
above. As the result, in Examples 1 to 7, good surface 
layers were formed by electrolytic plating layer. 
However, in Comparative Example 2, no good surface 
20 layer was formed by electrolytic plating, resulting in 
a non-uniform surface layer. The results of these are 
also shown in Table 1 below. 

Next, the bare fibers of the optical fibers of 
Examples 1 to 7 and Comparative Example 2 were each 
25 inserted to a through-hole of 135 jam in inner diameter 
which was provided in a metallic sleeve made of 



-15- 



stainless steel, and the bare fiber and the metallic 
sleeve were soldered with an AuSn solder. Here, 
metallic sleeve was plated with Ni/Au in order to 
improve the solder wettability of the AuSn solder to 
5 the metallic sleeve. 

Then, on each optical fiber attached to the 
metallic sleeve, how the soldered part was hermetic was 
examined by a He (helium) leak test to find that no 
leak was seen and good solderability was ascertained in 
10 the optical fibers of Examples 1 to 7, whereas a leak 
was seen and no good solderability was achievable in 
the optical fiber of Comparative Example 2. The results 
of these are also shown in Table 1 below. 
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